Case report {#sec1}
===========

A 43-year-old man presented with hemoptysis in the setting of an upper respiratory tract infection. Initial chest radiography showed an incidental oval opacity in the right superior mediastinum. He had no significant past medical history apart from recurrent urinary tract infections secondary to vesicoureteric reflux. Specifically, there was no history of trauma or surgical intervention to his neck or thorax, autoimmune diseases, connective tissue diseases, or malignant disease.

Further imaging with computed tomography angiography (CTA) showed an isolated 31- × 25-mm well-circumscribed enhancing lesion arising from the proximal right internal thoracic artery (ITA; [Fig 1](#fig1){ref-type="fig"}). Given the unusual location of this isolated aneurysm, positron emission tomography (PET) scan was performed to evaluate for an inflammatory cause. This showed that the lesion as well as an anterior mediastinal lymph node was moderately fludeoxyglucose (FDG) avid ([Fig 2](#fig2){ref-type="fig"}). An infective and vasculitic screen was unremarkable. Serum inflammatory markers were not elevated, and the immunoglobulin G4 (IgG4) level was normal. The differential diagnosis for the FDG-avid lesion included a mycotic or inflammatory aneurysm and a soft tissue tumor. Given that the lesion appeared highly vascular on CTA, ligation of the ITA was deemed necessary for the complete excision of the lesion.Fig 1Computed tomography angiography (CTA) showing a 31- × 25- × 25-mm vascular lesion (*thick arrow*) arising from the right internal thoracic artery (ITA; *thin arrow*) on axial **(A)** and coronal **(B)** views.Fig 2Positron emission tomography (PET) showing a well-circumscribed lesion in the right superior mediastinum with homogeneous moderate fludeoxyglucose (FDG) avidity (*arrows*) on axial **(A)** and coronal **(B)** views.

The lesion was removed by a hybrid approach with open ligation of the ITA and thoracoscopic excision. The first part of the right subclavian artery was exposed through a supraclavicular approach, and the origin of the right ITA was ligated and divided ([Fig 3](#fig3){ref-type="fig"}, *A*). The patient was then repositioned for a three-port video-assisted thoracoscopic approach for the excision of the aneurysm ([Fig 3](#fig3){ref-type="fig"}, *B*). The aneurysm and the associated lymph node were dissected from surrounding structures with an ultrasonic dissector, protecting the phrenic nerve, subclavian vein, and brachiocephalic vein.Fig 3Operative photographs with supraclavicular approach to the right subclavian artery. **A,** exposure and control of the subclavian artery (*thin arrow*) and ligation of the right internal thoracic artery (ITA) origin (*thick arrow*) with a locking ligation clip. **B,** Right ITA aneurysm (*asterisk*) with adjacent distal ITA (*thin arrow*) and phrenic nerve (*thick arrow*) under thoracoscopic view.

The histopathologic evaluation of the lesion revealed aneurysmal expansion of the artery by an IgG4^+^ plasma cell-rich inflammatory pseudotumor ([Fig 4](#fig4){ref-type="fig"}). The resected lymph nodes showed reactive changes only. The patient had an uneventful postoperative course. Given that the IgG4^+^ pseudotumor had been completely excised and there was no evidence of systemic IgG4-related disease elsewhere on PET scan, immunosuppression was not initiated postoperatively. The patient remains under outpatient clinical review. Because the patient\'s original disease showed positive FDG avidity, we plan to use PET scan surveillance to monitor for local recurrence, which will also offer the opportunity to monitor for distance sites of IgG4-related disease involvement.Fig 4**A,** Histopathologic features of the excised internal thoracic artery (ITA) aneurysm showing "storiform" fibrosis. **B,** Immunohistochemistry showing preponderance of immunoglobulin G4 (IgG4)-positive plasma cell infiltrate.

Informed consent was obtained from the patient to report this case.

Discussion {#sec2}
==========

ITA aneurysms {#sec2.1}
-------------

ITA aneurysms are uncommon.[@bib1] Pseudoaneurysms are associated with sternotomy, trauma, or endovascular procedures, whereas true aneurysms are associated with vasculitides, connective tissue diseases, and infection.[@bib1], [@bib2], [@bib3] Rupture of ITA aneurysms can lead to massive hemothorax and shock, which is often the initial manifestation of such aneurysms, and therefore early treatment has been advocated.[@bib3], [@bib4]

The traditional operative management of ITA aneurysm has been ligation and aneurysmectomy through median sternotomy or thoracotomy.[@bib1], [@bib5] Recent publications describe endovascular approaches including coil embolization and stent graft implantation.[@bib3], [@bib4] Coil embolization allows prompt aneurysm thrombosis and is becoming the treatment of choice, especially for small aneurysms.[@bib4], [@bib5] In contrast, stent graft implantation allows preservation of blood flow in the ITA, which may be favorable for coronary bypass conduits.[@bib1] Neither of these endovascular approaches allow tissue diagnosis.

To our knowledge, this is the first case of ITA aneurysm excision by a hybrid open-thoracoscopic technique. Kwon et al[@bib6] reported a case of a ruptured ITA aneurysm with massive hemothorax in a patient with type 1 neurofibromatosis that was treated with an endovascular-thoracoscopic hybrid technique. They performed a staged procedure using coil embolization of the proximal nonaneurysmal ITA segment as a temporizing measure and, 3 days later, returned to the operating room for video-assisted thoracoscopic ligation of the distal ITA for hemostatic control. In this case, the aneurysm was not excised, and histopathologic examination of the aneurysm wall was not performed. Štádler et al[@bib7] described another novel minimally invasive treatment of ITA aneurysm, reporting one case of robot-assisted ligation of an ITA aneurysm in a patient with Marfan syndrome after unsuccessful endovascular treatment.

We performed a hybrid aneurysmectomy to achieve tissue diagnosis and excision of a potentially malignant tumor. The dissection of the aneurysm through a video-assisted thoracoscopic approach allowed an excellent operative view and improved the difficult dissection of adherent tissue surrounding the inflammatory aneurysm. Important adjacent structures, such as the subclavian vein, brachiocephalic vein, and phrenic nerve, were easily identified and preserved. In addition, a sternotomy was not required. Other than the requirement for repositioning, there are few disadvantages compared with an open-only approach. Although endovascular coil embolization was a viable option to achieve proximal and distal control, we thought that the thoracoscopic excision of the lesion was technically easier and that proximal control through open ligation simplified the procedure by partially dissecting the lesion from surrounding structures.

IgG4-related aneurysms {#sec2.2}
----------------------

IgG4-related disease is a multiorgan chronic fibroinflammatory condition with classic histopathologic features of lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis. These findings are strongly suggestive of IgG4-related disease if they are accompanied by increased numbers of IgG4-positive plasma cells.[@bib8], [@bib9] Although IgG4-related disease affects exocrine organs (most frequently the pancreas) and lymph nodes, it is now recognized to involve a wide variety of organs including the cardiovascular system.[@bib8], [@bib10] A raised serum IgG4 level supports the diagnosis but is neither a sensitive nor specific test.[@bib11] Approximately 10% of patients with IgG4-related disease have a normal serum IgG4 concentration, and raised IgG4 levels can be found in conditions other than IgG4-related disease, including chronic sinusitis, pneumonia, immunodeficiencies, connective tissue diseases, and interstitial lung disease.[@bib12] PET imaging is a useful tool to determine the extent of IgG4 disease.[@bib13] Tissue biopsy is the "gold standard" for diagnosis and should be pursued where possible.[@bib14]

Manifestations of IgG4-related vascular disease include inflammatory aneurysms, dissections, aortitis, and aortic stenosis.[@bib8], [@bib14] Affected arteries may develop periarterial masses, known as pseudotumors, characterized histologically by arterial wall thickening, IgG4-positive plasmacyte-rich inflammation, and adventitial fibrosis.[@bib10] The aorta and its branches are most commonly affected by IgG4-related disease. Only four cases of IgG4-related disease involving medium-sized peripheral limb arteries have been reported.[@bib15] IgG4-related disease has also been reported to involve coronary arteries with pseudotumor or aneurysm formation.[@bib8] To our knowledge, this is the first reported case of IgG4-related disease involving the ITA exclusively.

The optimal treatment of IgG4-related disease has not been established, and no randomized clinical trials have been conducted to date.[@bib16] Corticosteroid therapy is currently the mainstay of pharmacologic treatment of IgG4-related disease and is indicated for active, symptomatic disease. A subset of patients with asymptomatic disease may also require corticosteroids, particularly when organ function is threatened.[@bib8] In addition, rituximab has been used successfully to treat patients with IgG4-related disease. This may be applicable for patients who have a clear contraindication or are unresponsive to steroid therapy.[@bib17] Other agents, such as azathioprine, mycophenolate mofetil, and methotrexate, have been used as well, but their relative efficacy has not yet been studied in prospective trials.[@bib16] Specifically for IgG4-related vascular disease, there are concerns that corticosteroid therapy may cause thinning and weakening of inflammatory aneurysmal wall and increase the risk of vessel rupture.[@bib15], [@bib18] IgG4-related inflammatory aneurysms have been treated with surgical resection, embolization, or endovascular stent grafts.[@bib11] Suitability for surgical intervention is governed by anatomic location of lesions and adjacent structures involved.[@bib16]

In this case, given the nondiagnostic CTA and PET characteristics of the aneurysm as well as negative screening test results for infection and vasculitides, surgical resection was necessary for tissue diagnosis and exclusion of malignant disease. This case highlights the diagnostic and therapeutic role of surgical excision for management of IgG4-related vascular disease and the importance of hybrid techniques, depending on anatomy.
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